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Downscaling ERA5 for coastal applications
Motivation of the work:
• shifts in wind/wave regime are known to cause beach
erosion and rotation
• in the northern Med Sea, observed data suggest a relative
increase in the frequency of ‘Sirocco’ (SE) wind and a
relative decrease of ‘Maestrale’ (NW) wind
Goal of the work:
• primary goal: to assess the role of past atmospheric
variability on long-term shoreline change
• secondary goal: to help the design of scenarios linked to
the impact of climate change along the coast (besides the
effect of sea level rise)
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Downscaling ERA5 for coastal applications
Final product: create a climatic database of wind/wave
regimes over the last 30-35 years (ie hindcast), at very
high-resolution along the coasts of the Mediterranean Sea by
using cutting-edge ERA5 reanalysis (vert/horiz resolution,
observations used, data assimilation method, etc. . . )
• identify coastal wind/wave regimes and spectra trends
• extreme analysis: return-period extremes of wave height
and period
• archive the full spectrum data for a complete information
• enable the implementation of coastal morphodynamic
services:
◦ model shoreline changes
◦ design new beaches
◦ study the stability of existing beaches
• assess the uncertainty of the hindcast (ERA5 members)
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Numerical models chain: geographical extent
ERA5: provide input ICs & BCs (every hour), 137 vertical
levels
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Preliminary results: 30-31/10/2012 Halloween Storm in Giglio
Costa Concordia Wreck Removal
“Operations are weather sensitive”
Halloween 2012: rough seas
caused a (small) wreck displacement
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“Operations are weather sensitive”
ERA5→WRF12km→WRF3km
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Preliminary results: 30-31/10/2012 Halloween Storm in Giglio - 10m Wind
• 10 m wind
speed
independent
coastal
observations
RMSE
WRF3km 2.9 m/s
WRF12km 3.2 m/s
Correlation coeff
WRF3km 0.70
WRF12km 0.75
BIAS
WRF3km 1.4
WRF12km 2.0
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Preliminary results: 30-31/10/2012 Halloween Storm in Giglio - Wind gust
• 10 m wind gust
independent
coastal
observations
RMSE
WRF3km 2.0 m/s
WRF12km 2.3 m/s
Correlation coeff
WRF3km 0.92
WRF12km 0.88
BIAS
WRF3km -0.2
WRF12km -0.5
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Preliminary results 15/Jan/2014 −→ 15/Feb/2014
Significant wave height verification: WW3 model data vs buoy data
Giannutri
La Spezia
Castiglione
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Preliminary results 15/Jan/2014 −→ 15/Feb/2014
Significant wave height verification - Summary
RMSE BIAS cRMSE Correl Circular correl
Giannutri 0.51 0.37 0.35 0.84 0.62
La Spezia 0.45 0.15 0.42 0.81 0.59
Castiglione 0.36 0.09 0.34 0.81 0.52
Average 0.44 0.2 0.37 0.82 0.57
Results obtained by Mentaschi et al (2015)1
• HH (symmetrically normalized RMSE) ' 0.33
• −7.5% <Normalized Bias < 12.2%
• 0.8 <Correlation< 0.9
1L. Mentaschi et al, Performance evaluation of Wavewatch III in the
Mediterranean Sea In Ocean Modelling, Volume 90, 2015
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Preliminary results 15/Jan/2014 −→ 15/Feb/2014
Wave spectrum verification - WW3 model data vs X-band marine radar
X-band marine radar Wave spectrum: wave height
by wave period and direction
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Preliminary results 29/Jan/2014 @ 16UTC
Wave spectrum verification - X-band radar Giglio Island
WW3 model data
X-band radar data
Visual agreement | two peaks are observed in both plots
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Downscaling ERA5 for coastal applications - Preliminary conclusions
Goal of the work: assess the role of past atmospheric
variability on long-term shoreline change (ie shifts in
wind/wave regimes over the last 30-35 years, ie ERA5 time
coverage)
Preliminary conclusions:
• Halloween Storm test case
◦ 10m wind speed and gust → good agreement between
model vs anemometer data (low RMSE and BIAS)
◦ hi-res WRF3km outperforms low-res WRF12km data
• Jan/Feb 2014 test case
◦ Significant wave height → low (ie < 0.5m) RMSE with
respect to buoys data
◦ Wave spectrum → further work is needed
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Preliminary results: 30-31/10/2012 Halloween Storm in Giglio - Wind rose
Observations WRF3km
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